Macroorchis spinulosus is a minute trematode possessing large testes which represent generic morphological character. M. spinulosus has been found in the small intestine of dogs, cats, mice, guinea pigs, rabbits, and albino and house rats (Ando, 1918 (Ando, , 1921 . Metacercariae of M. spinulosus were identified from intermediate crustacean hosts such as freshwater crabs, Potamon dehaani and P. obtusipes (Ando, 1918) and crayfish, Cambaroides similis (Chai et al., 1996) . New species of the genus Macroorchis were proposed in recognition of one or more morphological differences, distinctive intermediate hosts and geographical segregation. These are M. himizu, M. chimarrogalus and M. elongatus (Machida and Uchida, 1982; Saito et al., 1982) . To supplement the original description, the morphological features of M. spinulosus were redescribed recently in detail based on adult flukes (Chai et al., 1996) .
INTRODUCTION
trematodes.
MATERIALS AND METHODS
The crayfish, Cambaroides similis, was caught in the streams in Macheon-myeon, Hamyang-gun, Gyeongsangnam-do, Korea from October to December 1993. The crayfish were crushed with a mortar and a pestle, and M. spinulosus metacercariae were collected from the sediment under a dissecting microscope. Four week old, Charles River strain, Sprague-Dawley, albino rats were each fed with 100 metacercariae (Table 1) .
Rats were sacrificed at predetermined intervals and M. spinulosus were recovered from the duodenum, jejunum and ileum under a dissecting microscope. Recovered flukes were fixed in 10% neutral formalin and stained with Semichon's acetocarmine. Ten flukes were selected randomly from each daily group and measured microscopically. The dimension of organs represents arithmetic mean and one standard deviation.
RESULTS

Metacercariae
A total of 2,905 M. spinulosus metacercariae were collected from 69 crayfishes. Metacercarial cysts were globular, 184.3 ± 10.9 µm in length and 178.4 ± 12.1 µm in width, with clear walls 13.0 ± 2.6 µm thick.
Oral sucker was large and armed with a slender stylet. Acetabulum was located in mid-body. The oral sucker and acetabulum were almost equal in size. Excretory bladder was Y-shaped and black and contained numerous excretory granules. Testes were spindle-shape and extra-intestinal ceca.
Fluke recovery
The overall experimental period fluke recovery rate was over 60.7% (Table 1) . Recovery rate of ovigerous flukes, recovered from the duodenum and jejunum only and comprising wholly of flukes older than 4-day-old flukes, increased to 74.3%. During the first four days, the majority of the flukes were recovered from the jejunum, in which the proportion of the recovered flukes decreased from 95.2% at one day p.i. to 77.7% at four days p.i. and dropped to 1.3% at 28 days p.i. During the later stage of infection, the majority of flukes were recovered from the duodenum, increasing from 91.1% at 5 days p.i. to 98.7% at 28 days p.i. (Table 1) .
Growth and development
One-day-old flukes were elliptical, 364 µm long and 232 µm wide. The oral sucker was round and ventro-subterminal. Stylet was found in 50% of the oral sucker of flukes observed. Prepharynx was not present. The pharynx was broadened and appleshaped. The acetabulum was mid-median of the body. Spindle shaped testes were lateral to the acetabulum and extra-cecal at the middle of the body. Anterior margins of the testes and acetabulum appeared at nearly the same level of the body. The intestine was bifurcated immediately after the pharynx into two branches that ran between the testis and the acetabulum, and reached at posterior one-fourth of the body. The ovary, round in shape, was recognised as a separate, round mass from that of primordial complex of genital organs, which was posterodextral to the acetabulum. Excretory pore opened at posterior extremity of the body (Fig. 1A) . The body of 2-day-old flukes was enlarged compared to that of one-day-old flukes. The ovary became large and stained deep at posterior to the acetabulum. Mehlis' gland appeared to the right of the ovary. The testes were ellipoid and were thick and prominent in this fluke. Eighty percent of the testes contained sperm (Fig. 1B) .
The 3-day-old fluke increased in body area to 1.7 times that of one-day-old fluke. And the oral sucker became wider. The ovary was ovoid and increased in size to two times of that of one-day-old flukes. Primodial seminal vesicle appeared bipartite and sinistral to the ovary in two of ten specimens observed. The testes, elongated and ellipsoid, were bi-lobate in the middle by invagination from the lateral border. All testes produced sperm. Intestinal ceca reached near to the posterior end of the body (Fig. 1C) .
The 4-day-old fluke grew abruptly, 2.1 times that of the 3-day-old flukes in body area. The size of the testes and ovary increased rapidly and were nearly double that of 3-day-old flukes. The testes having anterior margin round and posterior extremity conical or pointed, proceeded to the acetabulum and occupied the mid-lateral regions of the body. Seminal vesicle, bipartited and containing sperms, appeared postero-sinistral or -dextral to the acetabulum. Seminal receptacle was absent. Banana-shaped intrauterine sperm mass was found amongst intrauterine eggs in the posteromedian portion of the body in 60% of flukes. Vitelline glands were follicular and distributed superficially from the posterior end of the body to the level of the pharynx. The vitelline follicles were abundant in the area lateral to the intestinal ceca and confluent in the anterior and posterior areas. Almost all flukes (90%) produced a number of eggs, ranging from 4 to 23. The uterus was convoluted in the portion of the body posterior to the ovary. Genital pore opened adjacent to the posterior margin of the acetabulum (Fig. 1D) .
The size of 7-day-old flukes was not significantly larger than that of 4-day-old flukes. At this stage of infection the flukes grew to 0.778 µm in body length and the anterior one-third line of testes was level to the acetabulum. The areas of the seminal vesicle and intrauterine sperm mass increased for three days by 2.1 and 2.9 times, respectively. Intrauterine sperm mass was found in 90% of specimens. Stylet was observed in 60% of the flukes (Table 2 ; Fig. 1E) .
Growth of M. spinulosus peaked at 14 day p.i in this study, when dimensions of the body and all organs were at a maximum and stained deeply. Intrauterine eggs occupied the posterior half of the body. Growth of testes, a characteristic feature of this genus, was most prominent at this time and showed a 9 fold increase in area compared to that of one-dayold flukes. Seminal vesicle was full of sperm and located in triad formation with the acetabulum, ovary and right testis. Oral sucker was broadly round and as was the acetabulum, and their area was nearly same. Thick tegumental spines were set on the surface of anterior half of the body and became thinner towards the posterior (Fig. 1F) . Intrauterine sperm mass was found infrequently between a large number of intrauterine eggs. The ovulated eggs were 30 Korean J. Parasitol. Vol. 41, No. 1. 27-33, March 2003 broad and golden yellow, thin shelled, had conspicuous operculum and contained yolk cells. Their dimensions were 55.7 ± 2.4 µm long and 36.0 ± 1.5 µm wide.
The 28-day-old fluke was reduced in body width. Dimensions and compactness of reproductive organs were also remarkably decreased (Table 2 ; Fig. 1G ). The number of intrauterine eggs was also decreased. Seminal vesicle was conspicuously bipartite. Seminal receptacle absent. Banana-or rod-shaped intrauterine sperm mass was observed in all flukes, in space not occupied by uterine eggs, in posterior portion of the body (Fig. 2) .
Macroorchis spinulosus grew rapidly during the first four days and measured two times that of one-dayold flukes, and reaching maximum dimensions at 14 days post-infection. The body reduced in size thereafter. Growth was led by an enlargement of the posterior half of the body. The ratio of the posterior half of the body to its overall length increased during the first four days of infection and stayed at plateau thereafter (Fig. 3) . The enlargement of the posterior half of the body was governed by development of reproductive organs such as the testes and ovary and by increase of the amunt of intrauterine eggs (Table  2) .
DISCUSSION
Adult flukes collected in this study were identified as Macroorchis spinulosus using morphological characteristic such as the presence of bilobed seminal vesicles, anterolateral location of testes, variable location of the ovary, and stylet presence in the oral sucker. These observations are consistent with the original and amended descriptions (Ando, 1918; Chai et al., 1996) .
For the genus Macroorchis, the final hosts are reported to be rats, mice, hamsters, dogs, cats, moles and water shrew (Machida and Uchida, 1982; Saito et al., 1982; Chai et al., 1996) . Fluke recovery rate was high and maintained thus from albino rats for the infection period in this study. It is considered that albino rats are suitable experimental animal as final hosts for M. spinulosus.
Habitat shift is an infrequent finding in intestinal trematode distribution in final hosts. In albino rats, the recovery rate of M. spinulosus from the jejunum decreased dramatically and increased in duodenum after 5 day p.i. without a change in recovery rate. It implies that the distribution of M. spinulosus was shifted from the jejunum to the duodenum after 5 days following infection. At day 4 p.i., M. spinulosus 
